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IN THE UNITED STATES ELECTED OFFICE OF 
THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY - CHAPTER II 



APPLICANT: 

ATTORNEY 
DOCKET NO. 



PRELIMINARY AMENDMENT 

Andreas Faerbert and Christian Scheerer 



SERIAL NO.: 
FILING DATE 



P02,0071 

EXAMINER: 
ART UNIT: 

INTERNATIONAL APPLICATION NO.: PCT/DE00/03256 

INTERNATIONAL FILING DATE: 19 September 2000 

INVENTION: "OPTICAL TRANSMISSION SYSTEM WITH DISPERSION 
COMPENSATION UNITS" 



BOX PCT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



SIR: 

Please amend the above-identified International Application before entry 
into the National Stage before the U.S. Patent and Trademark Office under 35 USC 
371 as follows: 



IN THE SPECIFICATION : 

Please replace Amended Sheets 1 -5 of the translation of the appendix, pages 
6-13 of the translation of the PCT Application and Amended Sheet 14 with the 
attached Substitute Specification. 



IN THE ABSTRACT OF THE DISCLOSURE : 

Please replace page 1 6 of the translation with the attached unnumbered page 
containing an Abstract of the Disclosure. 

IN THE CLAIMS : 

Please cancel claims 1-6 on Amended Sheets 14 and 15, without prejudice, 
and add the following claims: 

—7. (New) An optical transmission system comprising a fixed number of 
optical fiber line sections of virtually the same length with each section including an 
optical fiber and a dispersion compensation unit, each dispersion compensation unit 
having virtually the same compensation value, which is determined starting from 
dispersions selected from a calculated accumulated residual dispersion and an 
estimated accumulated residual dispersion for an at least virtually uniformly 
distributed undercompensation of the fiber dispersion of the fixed number of optical 
fiber line sections.— 

-8. (New) An optical transmission system according to claim 7, wherein 
the dispersion compensation units are provided for compensating the fiber dispersion 
of all the optical fiber line sections.— 

—9. (New) An optical transmission system according to claim 8, wherein 
a fiber line section having an optical fiber and a dispersion compensation unit 
implements an optical transmission module.— 
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—10. (New) An optical transmission system according to claim 9, wherein 
the optical transmission system can be formed from a plurality of optical 
transmission modules arranged in series.— 

—11. (New) An optical transmission system according to claim 1 0, wherein 
the optical fibers of the fiber line sections have a minimum length of 20 kilometers- 

—12. (New) An optical transmission system according to claim 1 1 , wherein 
a bidirectional data transmission can be implemented via the fiber line sections- 

—13. (New) An optical transmission system according to claim 7, wherein 
a fiber line section having an optical fiber and a dispersion compensation unit forms 
an optical transmission module.— 

-14. (New) An optical transmission system according to claim 13, wherein 
the optical transmission system can be formed from a plurality of optical 
transmission modules arranged in series. - 

—15. (New) An optical transmission system according to claim 1 4, wherein 
1 5 the optical fibers of the fiber line sections have a minimum length of 20 kilometers.— 

— 1 6. (New) An optical transmission system according to claim 1 5 , wherein 
a bidirectional data transmission can be implemented via the fiber line sections. - 

—17. (New) An optical transmission system according to claim 7, wherein 
a bidirectional data transmission can be implemented via the fiber line sections.- 




-18. (New) An optical transmission system according to claim 7, wherein 
the optical fibers of the fiber line sections have a minimum length of 20 kilometers. - 

—19. (New) An optical transmission system according to claim 18, wherein 
a bidirectional data transmission can be implemented via the fiber line sections.— 



REMARKS 

Claims 7-19 are presented for examination. 

By this amendment, the translation of the specification has been amended 
to insert headings, to correct grammatical and typographical errors and, in particular, 
to add portions of the original page 5 of the PCT Application, which was 
inadvertently not included with the amended sheets attached to the Preliminary 
Examination Report of January 2 1 , 2002. These amendments are incorporated in the 
attached Substitute Specification. A marked-up version is attached herewith as an 
Appendix showing the changes which are being requested. 

The Abstract of the Disclosure has been replaced by the attached 
unnumbered page containing an Abstract of the Disclosure. This Abstract has been 
revised to overcome any possibilities of reciting claim-type terminology. A marked- 
up version of the original Abstract of the Disclosure is also attached in the Appendix. 

Claims 1 -6 from the annex have been cancelled, without prejudice, and new 
claims 7-19, which are basically claims 1-6 which have been drafted to place them 
in form for examination in the United States Patent Office and to remove multiple- 



dependency, have been added. It is respectfully submitted that the claims 
patentable over the references of record and are allowable. 

Respectfully submitted, 




(Reg. No. 24,149) 



James D. Hobart 



SCHIFF HARDIN & WAITE 
Patent Department 
6600 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)258-5781 
Customer Number 26574 



DATED: March 20, 2002 



ABSTRACT OF THE DISCLOSURE 
An optical transmission system has a plurality of optical fiber line sections 
with each section including an optical fiber and a dispersion compensation unit. The 
dispersion compensation units are provided to compensate for the fiber dispersion 
(d) of a plurality of fiber line sections in such a way that the remaining residual 
dispersion per compensated fiber line section occurs at least virtually uniformly by 
the same absolute-magnitude dispersion (AD). 
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TITLE 

"OPTICAL TRANSMISSION SYSTEM" 

BACKGROUND OF THE INVENTION 
The invention relates to an optical transmission system comprising a fixed 
number of optical fiber line sections of virtually the same length with each section 
including an optical fiber and a dispersion compensation unit. 

Owing to the chromatic dispersion occurring during the transmission of 
optical signals over optical fibers, and to the self-phase modulation (SPM), 
distortions are caused in the optical data signal to be transmitted in the case of all 
optical transmission systems with high data throughput rates, and also in the case of 
transmission systems operating using the WDM (Wavelength-Division Multiplexing) 
principle. In this regard, please see Grau and Freude: "OptischeNachrichtentechnik 
- Eine Einfuhrung" ["Optical communications - an introduction"], Springer- Verlag, 
3rd Edition, 1991, pages 120-126. 

Such distortions in the optical data signal to be transmitted are functions, 
inter alia, of the input power of the optical data signal. Moreover, such distortions 
determine the regeneration-free transmission range of an optical transmission system, 
that is to say the optical transmission link over which an optical data signal can be 
transmitted without the need to carry out a regeneration or "3R generation" 
(electronic data regeneration with regard to the amplitude, edge and the clock pulse 
of an optically transmitted, digital data signal or data stream). 
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In order to compensate such distortions in the optical data signal, a 
provision is made for suitable dispersion compensation units during the transmission 
of optical signals via optical standard monomode fibers, or use is made of a 
dispersion management adapted to the optical transmission link. For this purpose, 
such optical transmission systems are subdivided chiefly into a plurality of optical 
fiber line sections in which the fiber dispersion respectively caused in the optical 
fiber line section is completely or partially compensated with the aid of a dispersion 
compensation unit. 

Such dispersion compensation units are configured, for example, as optical 
special fibers in the case of which the dispersion or fiber dispersion assumes very 
high negative values particularly in the 1550 nm window owing to a special selection 
of the refractive index profile in the fiber core and the surrounding cladding layers 
of the optical fiber. The dispersion contributions generated by the optical 
transmission fibers can be effectively compensated with the aid of the high negative 
dispersion values caused by the dispersion-compensating fiber. In addition, the 
maximum number of optical fiber line sections or the regeneration-free range of the 
optical transmission system is determined by the eye diagram (eye-opening) of the 
optical data signal present at the output of the respective optical fiber line section. 
This results in a maximum range for a regeneration-free transmission of an optical 
data signal, which is determined in addition by the optical signal-to-noise ratio of the 
transmission medium. 

In optical transmission systems implemented to date, various dispersion 
management concepts are pursued for this purpose, the optimum dispersion 
compensation of an optical transmission link being carried out by using pre- and/or 
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post-compensated optical fiber line sections or differently over- or under- 
compensated ones. It is therefore possible to transmit over a specific distance without 
regeneration depending on the fiber dispersion. 

It is known in this regard from DER FERMELDE-INGENIEUR: 
" Wellenlangenmultiplextechnik in zukiinftigen photonischen Netzen" ["Wavelength 
division multiplex technology in future photonic networks"], A. Ehrhardt et al., 53rd 
Volume, Issues 5 and 6, May/June 1999, pages 18-24 that the system optimum for 
dispersion compensation of an optical transmission system can be reached for a 
dispersion compensation of less than 100%. It also emerges from the above-named 
printed publication that the chromatic fiber dispersion can be compensated to a 
specific proportion by fiber nonlinearities themselves. 

Also known from the publication "320-Gb/s (32*10 Gb/s WDM) 
Transmission Over 500 km of Conventional Single-Mode Fiber with 125-km 
Amplifier Spacing" by Bigo et al., IEEE Photonics Technology Letters, Vol. 10, No. 
7, July 1998 is an optical transmission system that comprises a plurality of optical 
fiber line sections of virtually the same length with in each case an optical fiber 
(SMF) and a dispersion compensating fiber (DCF). In order to increase the 
transmission range of 32 optical 10 Gb/s signals, a specific dispersion 
overcompensation is carried out at the start of the optical transmission link, and in 
each case a dispersion overcompensation is carried out at the end in each case of an 
optical fiber line section with the aid of dispersion compensating fibers. 
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SUMMARY OF THE INVENTION 
The object of the present invention is thus to configure an optical 
transmission system of the type mentioned at the beginning in such a way that the 
dispersion compensation is improved and/or the transmission range reduced by the 
signal distortions and capable of being bridged without regeneration is increased. 

According to the invention, the object is achieved by means of an optical 
transmission system having a fixed number of optical fiber line sections of virtually 
the same length with each section having an optical fiber and a dispersion 
compensation unit with the dispersion compensation units having virtually the same 
compensation values, which are determined starting from a calculated or estimated 
accumulated residual dispersion for the at least virtually uniformly distributed 
undercompensation of the fiber dispersion of the fixed number of optical fiber line 
sections. By comparison with previous systems with full compensation, the virtually 
uniformly distributed under compensation according to the invention over the 
individual optical fiber line sections advantageously permits a virtual doubling of the 
transmission range that can be bridged without regeneration, that is to say under 
compensation is performed in the respective fiber line sections to such an extent that 
the remaining residual dispersion corresponds to a multiple of the absolute- 
magnitude dispersion according to the invention, and that the residual dispersion 
along the optical transmission link increases per fiber line section by the absolute- 
magnitude dispersion in each case. 

According to a further refinement of the invention, the optical transmission 
system has an accumulated residual dispersion that is caused by fiber nonlinearities 
and the fiber dispersion and decreases virtually linearly with increasing data rate. The 
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non linear effect of self-phase modulation and the group velocity dispersion (GVD) 
are the cause of the accumulated residual dispersion at the end of the last fiber line 
section of the optical transmission link. In the case of fully compensated fiber line 
sections, they are virtually independent of the input power of the optical data signal, 
and influence one another mutually, that is to say the self-phase modulation can have 
a dispersion-compensating effect. Moreover, the group velocity dispersion in the 
optical fibers increases with increasing data rate, while the self-phase modulation 
remains virtually unchanged. Consequently, the self-phase modulation (SPM) in the 
optical transmission system contributes to the dispersion compensation with the 
dispersion compensating effect of the self-phase modulation (SPM) becoming less 
with increasing data rate with regard to the group velocity dispersion, that is to say 
the accumulated residual dispersion decreases with increasing data rate. 

In accordance with a further refinement of the invention, the dispersion 
compensation units are provided for compensating the fiber dispersion of all the 
optical fiber line sections. The maximum transmission range that can be bridged 
without regeneration can be implemented, if the residual dispersion advantageously 
increases in each case virtually uniformly by the same dispersion contribution in all 
the fiber line sections of the optical transmission system. 

All the optical fiber line sections are the optical transmission are 
advantageously of virtually the same length, the optical fibers of the fiber line section 
additionally having a minimum length of 20 km. In the case of a minimum length of 
approximately 20 kilo meters, the signal distortions caused by the fiber dispersion 
and the fiber non linearities are virtually at their maximum value. Owing to the 
splitting of the optical transmission system to optical fiber line sections of virtually 
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the same length and whose number is determined by the optical transmission link to 
be bridged without regeneration and by the accumulated residual dispersion, an 
optical transmission system that is optimized with regard to the dispersion 
compensation and the transmission range that can be bridged without regeneration 
can be implemented by means of a simple modular design. In particular, the optical 
transmission system can especially advantageously be implemented a bidirectional 
data transmission over the fiber line sections owing to the symmetrical design being 
produced. 

Advantageous developments and refinements of the optical transmission 
system according to the invention are described in the further patent claims. 

The invention is to be explained in more detail below with the aid of a block 
diagram and two graphs. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the principle design of an optical transmission system, 

Figure 2 shows a graph of the dispersion management scheme according to 
the invention, and 

Figure 3 shows, in a further graph, the number of the compensated fiber 
spans or fiber line sections that can be bridged without regeneration, as a function of 
the distribution of under- or over-compensation. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figure 1 is a schematic of an optical transmission system OTS that has an 
optical transmitter TU and an optical receiver RU. The optical transmitter TU is 
connected via N optical fiber line sections FDSj to FDS N , each having an input I and 
an output E, to the optical receiver RU, which in each case have an optical amplifier 
EDFA, an optical fiber SSMF and an optical dispersion compensation unit DCU. 

A first and Nth optical fiber line section FDS l3 FDS N are illustrated in 
Figure 1 by way of example, a second to N-lth fiber line section FDS 2 to FDS N ^ 
being indicated with the aid of a dotted line. Moreover, the first optical fiber line 
section FDSj comprises a first optical amplifier EDFA l5 a first optical fiber SSMF 1? 
for example an optical standard single mode fiber, and a first optical dispersion 
compensation unit DCU I? it being possible also to provide an optical preamplifier - 
not illustrated in Figure 1 - between the first optical fiber SSMFj and the first optical 
dispersion compensation unit DCU^ Similarly, the Nth optical fiber line section 
FDS N has an Nth optical amplifier EFDA N , an Nth optical fiber SSMF N and an Nth 
optical dispersion compensation unit DCU N . In a similar way, it is also possible here 
to provide a further optical preamplifier - not illustrated in Figure 1 - between the Nth 
optical fiber SSMF N and the Nth optical dispersion compensation unit DCU N . 

The optical data signal of the optical data stream OS is transferred by the 
optical transmitter TU to the input I of the first optical fiber line section FDSj . Inside 
the first optical fiber line section FDS 1? the optical data signal OS is amplified with 
the aid of the first optical amplifier EDFA! and transmitted to the first dispersion 
compensation unit BCU l via the first optical fiber SSMF X . The signal distortions in 
the optical data signal OS caused by the optical transmission over the first optical 
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fiber SSMFj are compensated in the first dispersion compensation unit DCXJ l except 
for a first residual dispersion D restl , which corresponds to the absolute-magnitude 
dispersion AD according to the invention in the case of the first 
dispersion compensation unit DCUj. The fixed residual dispersion D rest is a fraction, 
fixed by the number N of the optical fiber line sections FDS, of the accumulated 
residual dispersion D^, which rises virtually uniformly with each compensated fiber 
line section FDS by virtually the same absolute-magnitude dispersion AD. 

The accumulated residual dispersion D akk is caused by the fiber 
nonlinearities and the fiber dispersion, and is present at the end of the Nth fiber line 
section FDS N . Moreover, the accumulated residual dispersion D akk is not 
compensated at the end of the Nth fiber line section FDS N because of the parameters, 
required for recovering the data from the optical data signal OS, for the eye diagram 
or "eye opening". The optical data signal OS present at the output E of the first 
optical fiber line section FDSj is therefore not completely compensated for 
dispersion, but undercompensated. 

In a similar way to this, the optical data signal OS is transmitted over the 
further optical fiber line sections FDS to the input I of the Nth optical fiber line 
section FDS N . The optical data signal OS present at the input I of the Nth optical 
fiber line section FDS N is amplified with the aid of the Nth optical amplifier EDFA N , 
and transferred to the Nth dispersion compensation unit DCU N via the Nth optical 
fiber SSMF N . The fiber dispersion, caused by the Nth optical fiber SSMF N , of the 
optical data signal OS is partially compensated in the Nth dispersion compensation 
unit DCU N , from which it can be detected that the residual dispersion D rest of the 
optical data signal OS rises virtually uniformly by the prescribed absolute-magnitude 
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dispersion AD, and corresponds to the accumulated residual dispersion D akk after the 
Nth dispersion compensation. The optical data signal OS present at the output E of 
the Nth optical fiber line section FDS N is transmitted to the optical receiver RU and, 
if appropriate, subjected to 3R regeneration - not illustrated in Figure 1 - before 
further processing. 

A dispersion management scheme DCS according to the invention is 
illustrated schematically by way of example with the aid of a diagram in Figure 2. It 
is clear therefrom that the optical transmission system OTS is composed according 
to the invention of a plurality of optical fiber line sections FDS that in each case have 
an optical fiber SSMF and a dispersion compensation unit DCF, for example a 
dispersion compensating fiber. In order to explain the dispersion management 
scheme DCS according to the invention, the number of the optical fiber line sections 
is limited to four (N=4), such that a first, second, third and fourth optical fiber line 
section FDS 1? FDS 2 , FDS 3 , FDS 4 are illustrated in Figure 2, the first optical fiber line 
section FDS! having a first optical fiber SSMFi and a first optical dispersion 
compensation unit DCF 1? the second optical fiber line section FDS 2 having a second 
optical fiber SSMF 2 and a second optical dispersion compensation unit DCF 2 , the 
third optical fiber line section FDS 3 having a third optical fiber SSMF 3 and a third 
optical dispersion compensation unit DCF 3 , and the fourth optical fiber line section 
FDS 4 having a fourth optical fiber SSMF 4 and a fourth optical dispersion 
compensation unit DCF 4 . As an example, for the dispersion management scheme 
DCS of the exemplary embodiment the choice here is a virtually identical length for 
the first to fourth optical fibers SSMFj to SSMF4 as well as for the first to fourth 
dispersion compensating fibers DCFj to DCF 4 . 
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The diagram has a horizontal axis (abscissa) x and a vertical axis (ordinate) 
d, the horizontal axis illustrating the distance x from the optical transmitter TU or the 
range of the optical data transmission, and the vertical axis d illustrating the fiber 
dispersion d in the respective optical fiber SSMF or in the dispersion compensating 
fiber DCF. 

It is clear from Figure 2 that the fiber dispersion of an optical data signal OS 
present at the input I of the first optical fiber line section FDS! rises linearly from the 
optical transmitter TU (x=0) along the first optical fiber SSMFj and assumes a first 
maximum absolute-magnitude dispersion D maxl at an end x, of the first optical fiber. 
The first maximum absolute-magnitude dispersion D maxl is partially compensated 
with the aid of the first dispersion compensation unit DCF 2 or the first dispersion 
compensating fiber, that is to say at an end x 2 of the first dispersion compensating 
fiber there is present a first residual dispersion D restl that corresponds at the output E 
of the first dispersion compensation unit DCF X to the absolute-magnitude dispersion 
AD. 

Owing to the following second optical fiber SSMF 2 , the fiber dispersion d 
increases from the first residual dispersion D restl up to a second maximum absolute- 
magnitude dispersion D max2 that is present at an end x 3 of the second dispersion 
compensating fiber. The second maximum absolute-magnitude dispersion D max2 is 
compensated with the aid of the second dispersion compensation unit DCF 2 or the 
second dispersion compensating fiber until the second residual dispersion D rest2 
corresponds to twice the absolute-magnitude dispersion AD, that is to say the 
remaining residual dispersion D rest rises uniformly per optical fiber line section FDS 
by the absolute-magnitude dispersion AD in each case. Consequently, at an end x 4 of 
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the second dispersion compensating fiber, a second residual dispersion D rest2 is 
present which corresponds at the output E of the second dispersion compensation 
unit or the second dispersion compensating fiber DCF 2 to twice the absolute- 
magnitude dispersion AD. 

The optical data signal OS transferred by the second dispersion 
compensating fiber DCF 2 to the third optical fiber SSMF 3 in turn experiences in the 
third optical fiber SSMF 3 signal distortions caused by the fiber dispersion d which 
assume a third maximum absolute-magnitude dispersion D max3 at an end x 5 of the 
third optical fiber. The third absolute-magnitude dispersion D max3 is 
undercompensated by the third optical dispersion compensation unit DCF 3 in such 
a way that the remaining third residual dispersion D rest3 corresponds to three times the 
absolute-magnitude dispersion AD according to the invention, that is to say at an end 
x 6 of the third dispersion compensating fiber the residual dispersion D rest assumes a 
third residual dispersion D rest3 , which has increased once more by the absolute- 
magnitude dispersion AD by comparison with the second residual dispersion D rest2 . 

Furthermore, the optical data signal OS present at the output E of the third 
dispersion compensating fiber DCF 3 is transferred to the fourth and last optical fiber 
SSMF 4 of the optical transmission system OTS. It becomes clear with the aid of 
Figure 2 that the fiber dispersion d continues to increase, and has a fourth maximum 
absolute-magnitude dispersion D max4 at an end x 7 of the fourth optical fiber. With the 
aid of the fourth dispersion compensation unit DCF 4 , the fourth maximum absolute- 
magnitude dispersion D max4 is reduced to the absolute magnitude of the accumulated 
residual dispersion D akk , which corresponds to four times the absolute-magnitude 
dispersion AD according to the invention. The remaining residual dispersion D rest of 
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the optical transmission system OTS thereby has the absolute magnitude of the 
accumulated residual dispersion at an end x 8 of the optical transmission link or 
at the end of the fourth fiber line section. 

The transmission range x 8 that can be bridged without regeneration is 
virtually doubled by the uniform "splitting up" according to the invention of the 
accumulated residual dispersion calculated or estimated for the respective optical 
transmission system OTS into a fixed number of fiber line sections FDS. Here, the 
fiber line sections FDS of the optical transmission system are undercompensated as 
a function of the length of the respective optical fiber SSMF as far in each case as a 
residual dispersion D rest fixed by the accumulated residual dispersion D akk , the 
residual dispersion D rising from fiber line section FDS! to fiber line section FDS 2 
by the same absolute-magnitude dispersion in each case. 

By comparison with a dispersion management scheme DCS that fully 
compensates the respective fiber line section FDS of an optical transmission system 
OTS, the dispersion management scheme DCS of the distributed undercompensation 
according to the invention can substantially increase the range that can be bridged 
without regeneration, which leads to a saving of cost-intensive electric 3R 
regeneration devices. 

Moreover, it is possible to implement a bidirectional data transmission over 
the fiber line sections FDS considered in a simple way on the basis of the 
symmetrical design, to be seen in Figure 2, of the optical transmission system OTS. 
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In addition, a fiber line section FDS having an optical fiber SSMF and a 
dispersion compensation unit DCF can be configured as an optical transmission 
module M. Consequently, the optical transmission system OTS can be formed by a 
series circuit of such optical transmission modules M. Such a modular design 
substantially facilitates in practice the implementation of an optical transmission link 
or the extension of an existing optical transmission link. 

Furthermore, the use of the distributed undercompensation according to the 
invention is particularly advantageous in the case of optical transmission systems 
that, because of the data transmission with the aid of a plurality of transmission 
channels, have a strong cross-phase modulation (XPM) as regards the effect limiting 
the transmission ranges that can be bridged without regeneration. This strong cross- 
phase modulation (XPM) can be suppressed by means of the provision according to 
the invention of a slight, local residual dispersion D rest at the end of a fiber line 
section FDS. Consequently, not only is the self-phase modulation (SPM) suppressed 
by the distributed undercompensation according to the invention, but the influence 
of the cross-phase modulation (XPM) is substantially reduced virtually 
simultaneously. 

The number of the compensated fiber line sections nfs that can be bridged 
without regeneration is illustrated in a further diagram in Figure 3 as a function of the 
distributed under- or overcompensation uoc for different input powers P4dBm, 
P6dBm, P9dBm, P12dBm, P15dBm of the optical data signal OS. 

The further diagram has a horizontal axis (abscissa) uoc and a vertical axis 
(ordinate) nfs, the horizontal axis uoc illustrating the "under- or overcompensation" 
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scheme, provided for the dispersion compensation, of the optical transmission system 
OTS, and the vertical axis nfs illustrating the number of the compensated fiber spans 
or fiber line sections FDS of the optical transmission system OTS. It may also be 
seen that the uniform undercompensation according to the invention of the plurality 
of fiber line sections FDS permits an increase in the transmission range that can be 
bridged without regeneration. The transmission range that can be bridged without 
regeneration is illustrated in the further diagram by the number of the compensated 
fiber line sections FDS of the optical transmission system OTS. 

For this purpose, a first to fifth optical data signal OS1 to OS5 is fed to an 
optical test transmission system OTS that has a different input power P in each case. 
Here, the first optical data signal OS1 has an input power of 4dBm, the second 
optical data signal OS2 an input power of 6dBm, the third optical data signal OS3 an 
input power of 9dBm, the fourth optical data signal OS4 an input power of 12dBm, 
and the fifth optical data signal OSS an input power of 15dBm. 

The increase in the transmission range that can be bridged without 
regeneration is particularly clear on the profile of the curve for the first optical data 
signal OS1, since the first optical data signal OS1 can be transmitted without 
regeneration over virtually 120 fiber line sections FDS in the case of an 
undercompensation of approximately 0.5 km of a standard monomode fiber (SSMF). 
In this case, the respective fiber line section FDS is respectively compensated by the 
dispersion compensating fiber DCF to such an extent that a residual dispersion D rest 
is present that corresponds to an uncompensated optical fiber length of half a 
kilometer (0.5 km). 
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D e scriptio n 

Optical transmission system 

The invention relates to an optical transmission system 
comprising a fixed number of optical fiber line * , 
sections of virtually the same length with each ceas^ ^ 
an optical fiber and a dispersion compensation unit. 

Owing to the chromatic dispersion occurring during the 
transmission of optical signals over optical fibers, 
and to the self-phase modulation (SPM) , distortions are 
caused in the opticaldatasi^ 

J n this regard ^Slf^^d F^de: "Optische 
Nachrichtentechnik - Eine Einfuhrung" ["Optical 
communications - an introduction"], Springer-Verlag, 



3rd Editio n, 1991, pages ^ 20^126^ in the case of all 
N optical transmission systems with high data throughput 
rates/te also in the case of transmission systems 
0 operating using the WDM (Wavelength-Divisior 
Multiplexing) principle . 

Such distortions in the optical data signal to be 
transmitted are functions, inter alia, of the- input 

5 power of the optical data signal. Moreover, such ■ 
distortions determine the regeneration-free 

transmission range of an optical transmission system, 
that is to say the optical transmission link over which 
an optical data signal can be transmitted without the 

0 need to carry out a regeneration or "3R generation" 
(electronic data regeneration with regard to the 
amplitude, edge and the clock pulse of an optically 
transmitted, digital data signal or data stream) . 

5 In order to compensate such distortions in the optical 
data signal, ^provision is made for suitable dispersion 
compensation units during the transmission of optical 
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signals via optical standard monomode fibers, or use is 
made of a dispersion management adapted to the optical 
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transmission link. For this purpose, such optical 
transmission systems are subdivided chiefly into a 
plurality of optical fiber line sections in which the 
fiber dispersion respectively caused in the optical 
fiber line section .co nsidered is completely or 
partially compensated with the aid of a dispersion 
compensation unit. 

Such dispersion compensation units are configured, for 
example, as optical special fibers in the case of which 
the dispersion or fiber dispersion assumes very high 
negative values particularly in the 1550 nm window 
owing to a special selection of the refractive index 
profile in the fiber core and the surrounding cladding 
layers of the optical fiber. The dispersion 
contributions generated by the optical transmission 
fibers can be effectively compensated with the aid of 
the high negative dispersion values caused by the 
dispersion-compensating fiber. In addition, the maximum 
number of optical fiber line sections or the 
regeneration-free range of the optical transmission 
system is determined by the eye diagram (eye-opening) 
of the optical data signal present at the output of the 
respective optical fiber line section. This results in 
a maximum range for a regeneration-free transmission of 
an optical data signal, which is determined in addition 
by the optical signal-to-noise ratio of the 
transmission medium. 

In optical transmission systems implemented to date, 
various dispersion management concepts are pursued for 
this purpose, the optimum dispersion compensation of an 
optical transmission link being carried out by using 
pre- and/or post-compensated optical fiber line 
sections or differently over- or under-compensated 
ones. It is therefore possible to transmit over a 
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specific distance without regeneration depending on the 
fiber dispersion. 

It is known in this regard from DER FERMELDE-INGENIEUR: 
"Wellenlangenmultiplextechnik in zukiinf tigen 

photonischen 
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Netzen" [''Wavelength division multiplex technology in 
future photonic networks' 7 ], A. Ehrhardt et al., 53rd 
Volume, Issues 5 and 6, May /June 1999, pages 18-24 that 
the system optimum for dispersion compensation of an 
optical transmission system can be reached for a 
dispersion compensation of less than 100%. It also 
emerges from the above-named printed publication that 
the chromatic fiber dispersion can be compensated to a 
specific proportion by fiber nonlinearities themselves. 

Also known from the publication "320-Gb/s (32*10 Gb/s 
WDM) Transmission Over 500 km of Conventional Single- 
Mode Fiber with 125-km Amplifier Spacing" by Bigo et 
al., IEEE Photonics Technology Letters, Vol. 10, No. 7, 
July 1998 is an optical transmission system that 
comprises a plurality of optical fiber line sections of 
virtually the same length with in each case an optical 
fiber (SMF) and a dispersion compensating fiber (DCF) . 
In order to increase the transmission range of 32 
optical 10 Gb/s signals, a specific dispersion 
overcompensation is carried out at the start of the 
optical transmission link, and in each case a 
dispersion overcompensation is carried out at the end 
in each case of an optical fiber line section with the 
aid of dispersion compensating fibers. 

5 ir inn. m Of VU, 3^fi> * ^ 

The object of the present invention is thus to 
configure an optical transmission system of the type 
mentioned at the beginning in such a way that the 
dispersion compensation is improved and/or the 
transmission range reduced by the signal distortions 
and capable of being bridged without regeneration is 
increased, me — obje - e fe — i-s — aihiB^d — starting — fxoiff TTTTe~ 
f^tog^specilie d lu trfre proamble of patont clcmu 1 "by 
means Q_f . tho nh.n n nr>.ffri y.ing fnnt-mmn nf t-hn 1 a i- i ^ | 
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According to the invention, the object is achieved by 
means of an optical transmission system 
wftljjgfcv the dispersion compensation units 
the same compensation values, which are 
starting from a calculated or estimated accumulated 



%fee — oa&e of - 
-e^jvirtually 
determined 



h /w- 1 — j 
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residual dispersion for the at least virtually 
uniformly distributed undercompensation of the fiber 
dispersion of the fixed number of optical fiber line 
sections. By comparison with previous systems with full 
compensation, the virtually uniformly distributed ■ under 
compensation according to the invention over the 
individual optical fiber line sections advantageously 
permits a virtual doubling of the transmission range 
that can be bridged without regeneration, that is to 
say under compensation is performed in the respective 
fiber line sections to such an extent that the 
remaining residual dispersion corresponds to a multiple 
of the absolute-magnitude dispersion according to the 
invention/ the residual dispersion along the optical 
transmission link i ncrea s in g, per fiber line section by 
the absolute-magnitude dispersion in each case. 

According to a further refinement of the invention, the 
optical transmission system has an accumulated residual 
dispersion that is caused by fiber nonlinearities and 
the fiber dispersion and decreases virtually linearly 
with increasing data rate. The non linear effect of 
self-phase modulation and the group velocity dispersion 
(GVD) are the cause of the accumulated residual 
dispersion at the end of the last fiber line section of 
the optical transmission link. In the case of fully 
compensated fiber line sections, they are virtually 
independent of the input power of the optical data 
signal, and influence one another mutually, that is to 
say the self-phase modulation can have a dispersion- 
compensating effect. Moreover, the group velocity 
dispersion in the optical fibers increases with 
increasing data rate, while the self -phase modulation 
remains virtually unchanged. Consequently, the self- 
phase modulation (SPM) in the optical transmission 
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system contributes to the dispersion compensatior^/fche 
dispersion compensating effect of the self-pnase 
modulation (SPM) becoming less with increasing data 
rate with regard to the group velocity dispersion, that 
is to say the accumulated residual dispersion decreases 
with increasing data rate. 
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In accordance with a further refinement of the 
invention, the dispersion compensation units are 
provided for compensating the fiber dispersion of all 



transmission range that can be bridged without 
regeneration can be implemented, if the residual 
dispersion advantageously increases in each case 
virtually uniformly by the same dispersion contribution 
in all the fiber line sections of the optical 
transmission system. 

All the optical fiber line sections are the optical 
transmission are advantageously of virtually the same 
length, the optical fibers of the fiber line section 
additionally having a minimum length of 20 km^ 4— e^a-im- 
In the case of a minimum length of approximately 
20 kilo meters, the signal distortions caused by the 
fiber dispersion and the fiber non linearities are 
virtually at their maximum value. Owing to the 
splitting of the optical transmission system to optical 
fiber line sections of virtually the same length and 
whose number is determined by the optical transmission 
link to be bridged without regeneration and by the 
accumulated residual dispersion, an optical 
transmission system that is optimized with regard to 
the dispersion compensation and the transmission range 
that can be bridged without regeneration can be 
implemented by means of a simple modular design. In 
particular, the optical transmission system can 
especially advantageously be implemented a 
bidirectional data transmission over the fib^r line 
sections owing to the symmetrical design^ produced^ 
y hereby—- claim 



Advantageous developments and refinements of the 
optical transmission system according to the invention 
are described in the further patent claims. 



the optical fiber line 




The maximum 
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"meters/ the signal distortions caused by the Ti^eft 
dispersion and the fiber nonlinearities are virtually 
at their maximum value. Owing to the split£ilig of the 
optical transmission system into optip^l fiber line 
sections of virtually the same lenq^f and whose number 
is determined by the optical transmission link to be 
bridged without regeneration/ and by the accumulated 
residual dispersion, an yefptical transmission system 
that is optimized wijm regard to the dispersion 
compensation and the/ transmission range that can be 
bridged without regeneration can be implemented by 
means of a simple modular design. In particular, the 
optical transmission system can be operated 
particularly/ advantageously in a bidirectional 
operating /node owing to the symmetrical design produced 
thereby / claim 7, 



Advantageous developments and refinements of the 
optical transmission system according to the invention 



ie further patent claims . 

The invention is to be explained in more detail below 
with the aid of a block diagram and two graphs. -In thcr 



Figure 1 shows the principle design of an optical 
transmission system, 

Figure 2 shows a graph of the dispersion management 
scheme according to the invention, and 



Figure 3 shows, 



in a further graph, the number of the 
compensated ^fiber line ^sections that can be 
bridged without regeneration, as a function 
of the distribution of under- or over- 
compensation. 
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Figure 1 is a schematic of an optical transmission 
system OTS that has an optical transmitter TO and an 
optical receiver RU. The optical transmitter TU is 
connected via N optical fiber line sections FDSi to 
FDSjy, ■ each having an input I and an output E, to the 
optical receiver 
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RU, which in each case have an optical amplifier EDFA, 
an optical fiber SSMF and an optical dispersion 
compensation unit DCU. 

A first and Nth optical fiber line section FDSi, FDS// 
are illustrated in Figure 1 by way of example, a second 
to N-lth fiber line section FDS 2 to FDSy-i being 
indicated with the aid of a dotted line. Moreover, the 
first optical fiber line section FDSi comprises a first 
optical amplifier EDFAi, a first optical fiber SSMFi, 
for example an optical standard single mode fiber, and 
a first optical dispersion compensation unit DCUi, it 
being possible also to provide an .optical preamplifier 
- not illustrated in Figure 1 - between the first 
optical fiber SSMFi and the first optical dispersion 
compensation unit DCUi. Similarly, the Nth optical 
fiber line section FDS^ has an Nth optical amplifier 
EFDA N , an Nth optical fiber SSMF N and an Nth optical 
dispersion compensation unit DCU N . In a similar way, it 
is also possible here to provide a further optical 
preamplifier - not illustrated in Figure 1 - between 
the Nth optical fiber SSMF N and the Nth optical 
dispersion compensation unit DCU N . 

The optical data signal of the optical data^stream OS 
is transferred by the optical transmitter to the 

input I of the first optical fiber line section FDSi. 
inside the first optical fiber line section FDSi, the 
optical data signal OS is amplified with the aid of the 
first optical amplifier EDFAi and transmitted to the 
first dispersion compensation unit DCUi via the first 
optical fiber SSMFi. The signal distortions in the 
optical data signal OS caused by the optical 
transmission over the first optical fiber SSMFi are 
compensated in the first dispersion compensation unit 
DCUi except for a first residual dispersion D res ti/ which 
corresponds to the absolute-magnitude dispersion AD 
according to the invention in the case of the first 
dispersion compensation 
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unit DCUi. The fixed residual dispersion D rest is a 
fraction, fixed by the number N of the optical fiber 
line sections FDS , of the accumulated residual 
dispersion D akk / which rises virtually uniformly with 
each compensated fiber line section FDS by virtually 
the same absolute-magnitude dispersion AD. 

The accumulated residual dispersion D a kk is caused by 
the fiber nonlinearities and the fiber dispersion, and 
is present at the end of the Nth fiber line section 
FDSyy. Moreover, the accumulated residual dispersion D akk 
is not compensated at the end of the Nth fiber line 
section FDSyi because of the parameters, required for 
recovering the data from the optical data signal OS, 
for the eye diagram^ 'eye opening. The optical data 
signal OS present at the output E of the first optical 
fiber line section FDSi is therefore not completely 
compensated for dispersion, but undercompensated. 

In a similar way to this, the optical data signal OS is 
transmitted over the further optical fiber line 
sections FDS to the input I of the Nth optical fiber 
line section FDS N . The optical data signal OS present 
at the input I of the Nth optical fiber line section 
FDS N is amplified with the aid of the Nth optical 
amplifier EDFA N , and transferred to the Nth dispersion 
compensation unit DCU N via the Nth optical fiber SSMF N . 
The fiber dispersion, caused by the Nth optical fiber 
SSMF N , of the optical data signal OS is partially 
compensated in the Nth dispersion compensation unit 
DCU N , from which it can be detected that the residual 
dispersion D res t of -the optical data signal OS rises 
virtually uniformly by the prescribed absolute- 
magnitude dispersion AD, and corresponds to the 
accumulated residual dispersion D akk after the Nth 
dispersion compensation. The optical data signal OS 
present at the output E of the Nth optical fiber line 
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section FDS N is transmitted to the optical receiver RU 
and, if appropriate, subjected to 3R regeneration 
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- not illustrated in Figure 1 - before further 
processing. 

A dispersion management scheme DCS according to the 
invention is illustrated schematically by way of 
example with the aid of a diagram in Figure 2. It is 
clear therefrom that the optical transmission system 
OTS is composed according to the invention of a 
plurality of optical fiber line sections FDS that in 
each case have an optical fiber SSMF and a dispersion 
compensation unit DCF, for example a dispersion 
compensating fiber. In order to explain the dispersion 
management scheme DCS according to the invention, the 
number of the optical fiber line sections is limited to 
four (N=4), such that a first, second, third and fourth 
optical fiber line section FDS X , FDS 2 , FDS 3 , FDS 4 are 
illustrated in Figure 2, the first optical fiber line 
section FDSi having a first optical fiber SSMFi and a 
first optical dispersion compensation unit DCFi, the 
second optical fiber line section FDS 2 having a second 
optical fiber SSMF 2 and a second optical dispersion 
compensation unit DCF 2 , the third optical fiber line 
section FDS 3 having a third optical fiber SSMF 3 and a 
third optical dispersion compensation unit DCF 3/ and 
the fourth optical fiber line section FDS 4 having a 
fourth optical fiber SSMF 4 and a fourth optical 
dispersion compensation unit DCF 4 . As an example, for 
the dispersion management scheme DCS of the exemplary 
embodiment the choice here is a virtually identical 
length for the first to fourth optical fibers SSMFi to 
SSMF4 as well as for the first to fourth dispersion 
compensating fibers DCFx to DCF 4 . 

The diagram has a horizontal axis (abscissa) x and a 
vertical axis (ordinate) d, the horizontal axis 
illustrating the distance x from the optical 
transmitter TU or the range of the optical data 
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transmission, and the vertical axis d illustrating the 
fiber dispersion d in the 
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respective optical fiber SSMF or in the dispersion 
compensating fiber DCF. 

It is clear from Figure 2 that the fiber dispersion of 
an optical data signal OS present at the input I of the 
first optical fiber line section FDSi rises linearly 
from the optical transmitter TU (x=0) along the first 
optical fiber SSMFi and assumes a first maximum 
absolute-magnitude dispersion D maxi at end ^of the 

first optical fiber The first maximum absolute- 

magnitude dispersion D maxl is partially compensated with 
the aid of the first dispersion compensation unit DCFi 
or the first dispersion compensating fiber, that is to 
say at £i*€r end ^of the first dispersion compensating 
fiber there is present a first residual dispersion 
Dresti that corresponds at the output E of the first 
dispersion compensation unit DCFi to the absolute- 
magnitude dispersion AD. 

Owing to the following second optical fiber SSMF 2/ the 
fiber dispersion d increases from the first residual 
dispersion D res ti up to a second maximum absolute- 
magnitude dispersion D max2 that is present at ^ end^of 
the second dispersion compensating fiber The second 

maximum absolute-magnitude dispersion D max2 is 
compensated with the aid of the second dispersion 
compensation unit DCF 2 or the second dispersion 
compensating fiber until the second residual dispersion 
D r est2 corresponds to twice the absolute-magnitude 
dispersion AD, that is to say the remaining residual 
dispersion D res t rises uniformly per optical fiber line 
section FDS by the absolute-magnitude dispersion AD in 
each case. Consequently, at tjx& end 'of the second 
dispersion compensating fiber ^ a second residual 
dispersion D res t2 is present which corresponds at the 
output E of the second dispersion compensation unit or 
the second dispersion compensating fiber DCF 2 to twice 
the absolute-magnitude dispersion AD. 
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The optical data signal OS transferred by the second 
dispersion compensating fiber DCF 2 to the third optical 
fiber SSMF 3 in turn experiences in the third optical 
fiber SSMF 3 
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signal distortions caused by the fiber dispersion d 
which assume a third maximum absolute-magnitude 
dispersion D max3 at tjafe end^of the third optical fiber 
The third absolute-magnitude dispersion D maX 3 is 
undercompensated by the third optical dispersion 
compensation unit DCF 3 in such a way that the remaining 
third residual dispersion D rest3 corresponds to three 
times the absolute-magnitude dispersion AD according to 
the invention, that is to say at t>€ end^of the third 
dispersion compensating fiber 6^ the residual 
dispersion D res t assumes a third residual dispersion 
Drest3r which has increased once more by the absolute- 
magnitude dispersion AD by comparison with the second 
residual dispersion D res t2- 

Furthermore, the optical data signal OS present at the 
output E of the third dispersion compensating fiber 
DCF 3 is transferred to the fourth and last optical 
fiber SSMF 4 of the optical transmission system OTS. It 
becomes clear with the aid of Figure 2 that the fiber 
dispersion d continues to increase, and has a fourth 
maximum absolute-magnitude dispersion D max4 at tja€ end K' 7 
of the fourth optical fiber With the aid of the 

fourth dispersion compensation unit DCF 4 , the fourth 
maximum absolute-magnitude dispersion D max4 is reduced 
to the absolute magnitude of the accumulated residual 
dispersion D akK , which corresponds to four times the 
absolute-magnitude dispersion AD according to the 
invention. The remaining residual dispersion D res t of 
the optical transmission system OTS thereby has the 
absolute magnitude of the accumulated residual 
dispersion D aKk at t)x% end of the optical transmission 
link or at the end of the fourth fiber line section 

The transmission range x 8 that can be bridged without 
regeneration is virtually doubled by the uniform 
"splitting up" according to . the invention of the 
accumulated residual dispersion D ak k calculated or 
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estimated for the respective optical transmission 
system OTS into a fixed number of fiber line sections 
FDS. Here, the fiber line sections FDS of the optical 
transmission system are undercompensated as a function 
of the length of the respective optical fiber SSMF as 
far in each case as a residual dispersion D res t fixed by 
the accumulated 
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residual dispersion D akk , the residual dispersion D 
rising from fiber line section FDSi to fiber line 
section FDS 2 by the same absolute-magnitude dispersion 
in each case. 

By comparison with a dispersion management scheme DCS 
that fully compensates the respective fiber line 
section FDS of an optical transmission system OTS, the 
dispersion management scheme DCS of the distributed 
undercompensation according to the invention can 
substantially increase the range that can be bridged 
without regeneration, which leads to a saving of cost- 
intensive electric 3R regeneration devices. 

Moreover, it is possible to implement a bidirectional 
data transmission over the fiber line sections FDS 
considered in a simple way on the basis of the 
symmetrical design, to be seen in Figure 2, of the 
optical transmission system OTS. 

In addition, a fiber line section FDS having an optical 
fiber SSMF and a dispersion compensation unit DCF can 
be configured as an optical transmission module M. 
Consequently, the optical transmission system OTS can 
be formed by a series circuit of such optical 
transmission modules M. Such a modular design 
substantially facilitates in practice the 

implementation of an optical transmission link or the 
extension of an existing optical transmission link. 

Furthermore, the use of the distributed 

undercompensation according to the invention is 
particularly advantageous in the case of optical 
transmission systems that, because of the data 
transmission with the aid of a plurality of 
transmission channels, have a strong cross-phase 
modulation (XPM) as regards the effect limiting ' the 
transmission 
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ranges that can be bridged without regeneration. This 
strong cross-phase modulation (XPM) 
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can be suppressed by means of the provision according 
to the invention of a slight, local residual dispersion 
D rest at the end of a fiber line section FDS . 
Consequently, not only is the self-phase modulation 
5 (SPM) suppressed by the distributed undercompensation 
according to the invention, but the influence of the 
cross-phase modulation (XPM) is substantially reduced 
virtually simultaneously. 

10 The number of the compensated fiber line sections nfs 
that can be bridged without regeneration is illustrated 
in a further diagram in Figure 3 as a function of the 
distributed under- or overcompensation UOG - for 
different input powers P4dBm, P6dBm, P9dBm, P12dBm, 

15 P15dBm of the optical data signal OS. 



Q The further diagram has a horizontal axis (abscissa) uoc 

2J- and a vertical axis (ordinate) nfs, the horizontal 

pi axis ^ illustrating the "under- or overcompensation" 

OR 20 scheme, provided for the dispersion compensation, of 

the optical transmission system OTS, and the vertical 

s • 

Q axis nfs illustrating the number of the compensated 

M£ fiber ^lme sections -P$S of the optical transmission 

K system OTS. It may also be seen that the uniform 

Q 2 5 undercompensation according to the invention of the 

W plurality of fiber line sections FDS permits an 

increase in the transmission range that can be bridged 
without regeneration. The transmission range that can 
be bridged without regeneration is illustrated in the 
30 further diagram by the number of the compensated fiber 
line sections FDS of the optical transmission system 
OTS . 

For this purpose, a first to fifth optical data signal 
35 OS1 to OSS is fed to an optical test transmission 
system OTS that has a different input power P in each 
case. Here, the first optical data signal OS1 has an 
input power of 4dBm, the second optical data signal OS2 
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an input power of 6dBm, the third optical data signal 
0S3 an input power of 9dBm, the fourth op- 
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tical data signal 0S4 an input power of 12clBm, and the 
fifth optical data signal 0S5 an input power of 15dBm. 

The increase in the transmission range that can be 
bridged without regeneration is particularly clear on 
the profile of the curve for the first optical data 
signal 0S1, since the first optical data signal 0S1 can 
be transmitted without regeneration over virtually 120 
fiber line sections FDS in the case of an 
undercompensation of approximately 0.5 km of a standard 
monomode fiber (SSMF) . In this case, the respective 
fiber line section FDS is respectively compensated by 
the dispersion compensating fiber DCF to such an extent 
that a residual dispersion D rest is present that 
corresponds to an uncompensated optical fiber length of 
half a kilometer (0.5 km). 
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^-Patent claim s 

1. An optical transmission system (OTS) comprising a 
fixed number (N) of optical fiber line sections 
(FDSi to FDS 4 ) of virtually the same length with in 
each case an optical fiber (SSMFi to SSMF4) and a 
dispersion compensation unit (DCFi to DCF 4 ) , 
characterized in that the dispersion compensation 
units (DCFi to DCF 4 ) have virtually the same 
compensation values, which are determined starting 
from a calculated or estimated accumulated 
residual dispersion (D akk ) for an at least 
virtually uniformly distributed undercompensation 
of the fiber dispersion (d) of the fixed number 
(N) of optical fiber line sections (FDSi to FDS 4 ) . 

2. The optical transmission system as claimed in 
claim 1, characterized in that the dispersion 
compensation units (DCFi to DCF4) are provided for 
compensating the fiber dispersion (d) of all the 
optical fiber line sections (FDSi to FDS 4 ) . 

3. The optical transmission system as claimed in one 
of claims 1 or 2, characterized in that a fiber 
line section (FDSi) having an optical fiber (SSMFi) 
and a dispersion compensation unit (DCFi) 
implements an optical transmission module (M) . 

4. The optical transmission system as claimed in 
claim 3, characterized in that the optical 
transmission system (OTS) can be formed from a 
plurality of optical transmission modules (M) 
arranged in series. 
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Abstract *ffo> DrJcL^^ 



Optical -transmission system 

r— T^te inveuLiun relaLg s-^toJ4n optical transmission system 
h ts%. 

(OTG) — ^^r r i SJ n g a plurality of optical fi£er line 
sections fFBS-) with ^ each -ca^e_ an optical fiber 
(iL£ME4- and a dispersion compensation unit {J>£$1 m yfi -the Tl^ 
ca*e — — which- dispersion compensation units ( -DCF)- are 
provided r ~pz&t compensate^the fiber dispersion (d) of a 
plurality of fiber line sections ( FDSi to FDS 4 ) in such 
a way that the remaining residual dispersion per 
compensated fiber line section jUJ^Sir—^o^EUIS^^ ^St^s' at 
least virtually uniformly by the same absolute- 
magnitude dispersion (AD) ^ I n -each case. 
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Optical transmiss ion syste m 

5 The invention relates to an optical transmission system 
comprising a fixed number of optical fiber line 
sections of virtually the same length with in each case 
an optical fiber and a dispersion compensation unit. 

10 Owing to the chromatic dispersion occurring during the 
transmission of optical signals over optical fibers, 
and to the self-phase modulation (SPM) , distortions are 
caused in the optical data signal to be transmitted - 
see in this regard Grau and Freude: "Optische 

15 Nachrichtentechnik - Eine Einfiihrung" ["Optical 
communications - an introduction"], Springer-Verlag, 
3rd Edition, 1991, pages 120-126 - in the case of all 
optical transmission systems with high data throughput 
rates, thus also in the case of transmission systems 

20 operating using the WDM (Wavelength-Division 
Multiplexing) principle . 

Such distortions in the optical data signal to be 
transmitted are functions, inter alia, of the input 

25 power of the optical data signal. Moreover, such 
distortions determine the regeneration-free 

transmission range of an optical transmission system, 
that is to say the optical transmission link over which 
an optical data signal can be transmitted without the 

30 need to carry out a regeneration or "3R generation" 
(electronic data regeneration with regard to the 
amplitude, edge and the clock pulse of an optically 
transmitted, digital data signal or data stream) . 

35 In order to compensate such distortions in the optical 
data signal, provision is made for suitable dispersion 
compensation units during the transmission of optical 
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signals via optical standard monomode fibers, or use is 
made of a dispersion management adapted to the optical 
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transmission link. For this purpose, such optical 
transmission systems are subdivided chiefly into a 
plurality of optical fiber line sections in which the 
fiber dispersion respectively caused in the optical 
fiber line section considered is completely or 
partially compensated with the aid of a dispersion 
compensation unit. 

Such dispersion compensation units are configured, for 
example, as optical special fibers in the case of which 
the dispersion or fiber dispersion assumes very high 
negative values particularly in the 1550 nm window 
owing to a special selection of the refractive index 
profile in the fiber core and the surrounding cladding 
layers of the optical fiber. The dispersion 
contributions generated by the optical transmission 
fibers can be effectively compensated with the aid of 
the high negative dispersion values caused by the 
dispersion-compensating fiber. In addition, the maximum 
number of optical fiber line sections or the 
regeneration-free range of the optical transmission 
system is determined by the eye diagram (eye-opening) 
of the optical data signal present at the output of the 
respective optical fiber line section. This results in 
a maximum range for a regeneration-free transmission of 
an optical data signal, which is determined in addition 
by the optical signal-to-noise ratio of the 
transmission medium. 

In optical transmission systems implemented to date, 
various dispersion management concepts are pursued for 
this purpose, the optimum dispersion compensation of an 
optical transmission link being carried out by using 
pre- and/or post-compensated optical fiber line 
sections or differently over- or under-compensated 
ones. It is therefore possible to transmit over a 
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specific distance without regeneration depending on the 
fiber dispersion. 

It is known in this regard from DER FERMELDE-INGENIEUR : 
"Wellenlangenmultiplextechnik in zukunf tigen 

photonischen 



AMENDED SHEET 



22-10-2001 DE0003256 
1999P02872 WO 

- 3 - 

Netzen" ["Wavelength division multiplex technology in 
future photonic networks"] , A. Ehrhardt et al . , 53rd 
Volume, Issues 5 and 6, May/June 1999, pages 18-24 that 
the system optimum for dispersion compensation of an 
optical transmission system can be reached for a 
dispersion compensation of less than 100%. It also 
emerges from the above-named printed publication that 
the chromatic fiber dispersion can be compensated to a 
specific proportion by fiber nonlinearities themselves. 

Also known from the publication "320-Gb/s (32*10 Gb/s 
WDM) Transmission Over 500 km of Conventional Single- 
Mode Fiber with 125-km Amplifier Spacing" by Bigo et 
al., IEEE Photonics Technology Letters, Vol. 10, No. 7, 
July 1998 is an optical transmission system that 
comprises a plurality of optical fiber line sections of 
virtually the same length with in each case an optical 
fiber (SMF) and a dispersion compensating fiber (DCF) . 
In order to increase the transmission range of 32 
optical 10 Gb/s signals, a specific dispersion 
overcompensation is carried out at the start of the 
optical transmission link, and in each case a 
dispersion overcompensation is carried out at the end 
in each case of an optical fiber line section with the 
aid of dispersion compensating fibers. 

The object of the present invention is thus to 
configure an optical transmission system of the type 
mentioned at the beginning in such a way that the 
dispersion compensation is improved and/or the 
transmission range reduced by the signal distortions 
and capable of being bridged without regeneration is 
increased. The object is achieved starting from the 
features specified in the preamble of patent claim 1 by 
means of the characterizing features of the latter. 
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According to the invention, the object is achieved by 
means of an optical transmission system in the case of 
which the dispersion compensation units have virtually 
the same compensation values, which are determined 
starting from a calculated or estimated accumulated 
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residual dispersion for the at least virtually 
uniformly distributed undercompensation of the fiber 
dispersion of the fixed number of optical fiber line 
sections. By comparison with previous systems with full 
compensation, the virtually uniformly distributed under 
compensation according to the invention over the 
individual optical fiber line sections advantageously 
permits a virtual doubling of the transmission range 
that can be bridged without regeneration, that is to 
say under compensation is performed in the respective 
fiber line sections to such an extent that the 
remaining residual dispersion corresponds to a multiple 
of the absolute-magnitude dispersion according to the 
invention, the residual dispersion along the optical 
transmission link increasing per fiber line section by 
the absolute-magnitude dispersion in each case. 

According to a further refinement of the invention, the 
optical transmission system has an accumulated residual 
dispersion that is caused by fiber nonlinearities and 
the fiber dispersion and decreases virtually linearly 
with increasing data rate. The non linear effect of 
self-phase modulation and the group velocity dispersion 
(GVD) are the cause of the accumulated residual 
dispersion at the end of the last fiber line section of 
the optical transmission link. In the case of fully 
compensated fiber line sections, they are virtually 
independent of the input power of the optical data 
signal, and influence one another mutually, that is to 
say the self-phase modulation can have a dispersion- 
compensating effect. Moreover, the group velocity 
dispersion in the optical fibers increases with 
increasing data rate, while the self-phase modulation 
remains virtually unchanged. Consequently, the self- 
phase modulation (SPM) in the optical transmission 
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system contributes to the dispersion compensation, the 
dispersion compensating effect of the self-phase 
modulation (SPM) becoming less with increasing data 
rate with regard to the group velocity dispersion, that 
is to say the accumulated residual dispersion decreases 
with increasing data rate. 



AMENDED SHEET 



22-10-2001 DE0003256 
1999P02872 WO 

- 5 - 

In accordance with a further refinement of the 
invention, the dispersion compensation units are 
provided for compensating the fiber dispersion of all 
the optical fiber line sections - claim 2. The maximum 
transmission range that can be bridged without 
regeneration can be implemented, if the residual 
dispersion advantageously increases in each case 
virtually uniformly by the same dispersion contribution 
in all the fiber line sections of the optical 
transmission system. 

All the optical fiber line sections are the optical 
transmission are advantageously of virtually the same 
length, the optical fibers of the fiber line section 
additionally having a minimum length of 20 km - claim 
5. In the case of a minimum length of approximately 
20 kilo meters, the signal distortions caused by the 
fiber dispersion and the fiber non linearities are 
virtually at their maximum value. Owing to the 
splitting of the optical transmission system to optical 
fiber line sections of virtually the same length and 
whose number is determined by the optical transmission 
link to be bridged without regeneration and by the 
accumulated residual dispersion, an optical 
transmission system that is optimized with regard to 
the dispersion compensation and the transmission range 
that can be bridged without regeneration can be 
implemented by means of a simple modular design. In 
particular, the optical transmission system can 
especially advantageously be implemented a 
bidirectional data transmission over the fiber line 
sections owing to the symmetrical design produced 
thereby - claim 6. 

Advantageous developments and refinements of the 
optical transmission system according to the invention 
are described in the further patent claims. 
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Figure 1 is a schematic of an optical transmission 
system OTS that has an optical transmitter TU and an 
optical receiver RU. The optical transmitter TU is 
connected via N optical fiber line sections FDSi to 
FDS n , each having an input I and an output E, to the 
optical receiver 
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RU, which in each case have an optical amplifier EDFA, 
an optical fiber SSMF and an optical dispersion 
compensation unit DCU. 

A first and Nth optical fiber line section FDSi, FDSn 
are illustrated in Figure 1 by way of example, a second 
to N-lth fiber line section FDS 2 to FDS n -i being 
indicated with the aid of a dotted line. Moreover, the 
first optical fiber line section FDSi comprises a first 
optical amplifier EDFAi, a first optical fiber SSMFi, 
for example an optical standard single mode fiber, and 
a first optical dispersion compensation unit DCUi, it 
being possible also to provide an optical preamplifier 
- not illustrated in Figure 1 - between the first 
optical fiber SSMFi and the first optical dispersion 
compensation unit DCUi. Similarly, the Nth optical 
fiber line section FDS n has an Nth optical amplifier 
EFDA N , an Nth optical fiber SSMF N and an Nth optical 
dispersion compensation unit DCU N . In a similar way, it 
is also possible here to provide a further optical 
preamplifier - not illustrated in Figure 1 - between 
the Nth optical fiber SSMF N and the Nth optical 
dispersion compensation unit DCU N , 

The optical data signal of the optical data stream OS 
is transferred by the optical transmitter DU to the 
input I of the first optical fiber line section FDSi. 
Inside the first optical fiber line section FDSi, the 
optical data signal OS is amplified with the aid of the 
first optical amplifier EDFAi and transmitted to the 
first dispersion compensation unit DCUi via the first 
optical fiber SSMFi. The signal distortions in the 
optical data signal OS caused by the optical 
transmission over the first optical fiber SSMFi are 
compensated in the first dispersion compensation unit 
DCUi except for a first residual dispersion D res ti/ which 
corresponds to the absolute-magnitude dispersion AD 
according to the invention in the case of the first 
dispersion compensation 
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unit DCUi. The fixed residual dispersion D res t is a 
fraction, fixed by the number N of the optical fiber 
line sections FDS, of the accumulated residual 
dispersion D akk , which rises virtually uniformly with 
each compensated fiber line section FDS by virtually 
the same absolute-magnitude dispersion AD. 

The accumulated residual dispersion D akk is caused by 
the fiber nonlinearities and the fiber dispersion, and 
is present at the end of the Nth fiber line section 
FDS n . Moreover, the accumulated residual dispersion D akk 
is not compensated at the end of the Nth fiber line 
section FDS n because of the parameters, required for 
recovering the data from the optical data signal OS , 
for the eye diagram eye opening. The optical data 
signal OS present at the output E of the first optical 
fiber line section FDSi is therefore not completely 
compensated for dispersion, but undercompensated. 

In a similar way to this, the optical data signal OS is 
transmitted over the further optical fiber line 
sections FDS to the input I of the Nth optical fiber 
line section FDSn • The optical data signal OS present 
at the input I of the Nth optical fiber line section 
FDS N is amplified with the aid of the Nth optical 
amplifier EDFA N , and transferred to the Nth dispersion 
compensation unit DCU N via the Nth optical fiber SSMF N . 
The fiber dispersion, caused by the Nth optical fiber 
SSMF N , of the optical data signal OS is partially 
compensated in the Nth dispersion compensation unit 
DCU N , from which it can be detected that the residual 
dispersion D res t of the optical data signal OS rises 
virtually uniformly by the prescribed absolute- 
magnitude dispersion AD, and corresponds to the 
accumulated residual dispersion D akk after the Nth 
dispersion compensation. The optical data signal OS 
present at the output E of the Nth optical fiber line 
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section FDS N is transmitted to the optical receiver 
and, if appropriate, subjected to 3R regeneration 
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not illustrated in Figure 1 - before further 
processing. 

A dispersion management scheme DCS according to the 
invention is illustrated schematically by way of 
example with the aid of a diagram in Figure 2. it is 
clear therefrom that the optical transmission system 
OTS is composed according to the invention of a 
plurality of optical fiber line sections FDS that in 
each case have an optical fiber SSMF and a dispersion 
compensation unit DCF, for example a dispersion 
compensating fiber. In order to explain the dispersion 
management scheme DCS according to the invention, the 
number of the optical fiber line sections is limited to 
four (N=4), such that a first, second, third and fourth 
optical fiber line section FDSi, FDS 2 , FDS 3 , FDS 4 are 
illustrated in Figure 2, the first optical fiber line 
section FDSi having a first optical fiber SSMFi and a 
first optical dispersion compensation unit DCFi, the 
second optical fiber line section FDS 2 having a second 
optical fiber . SSMF 2 and a second optical dispersion 
compensation unit DCF 2 , the third optical fiber line 
section FDS 3 having a third optical fiber SSMF 3 and a 
third optical dispersion compensation unit DCF 3 , and 
the fourth optical fiber line section FDS4 having a 
fourth optical fiber SSMF 4 and a fourth optical 
dispersion compensation unit DCF 4 . As an example, for 
the dispersion management scheme DCS of the exemplary 
embodiment the choice here is a virtually identical 
length for the first to fourth optical fibers SSMFi to 
SSMF4 as well as for the first to fourth dispersion 
compensating fibers DCFi to DCF 4 . 

The diagram has a horizontal axis (abscissa) x and a 
vertical axis (ordinate) d, the horizontal axis 
illustrating the distance x from the optical 
transmitter TU or the range of the optical data 
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transmission, and the vertical axis d illustrating the 
fiber dispersion d in the 
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respective optical fiber SSMF or in the dispersion 
compensating fiber DCF. 

It is clear from Figure 2 that the fiber dispersion of 
an optical data signal OS present at the input I of the 
first optical fiber line section FDSi rises linearly 
from the optical transmitter TU (x=0) along the first 
optical fiber SSMFi and assumes a first maximum 
absolute-magnitude dispersion D max i at the end of the 
first optical fiber x x . The first maximum absolute- 
magnitude dispersion D max i is partially compensated with 
the aid of the first dispersion compensation unit DCFi 
or the first dispersion compensating fiber, that is to 
say at the end of the first dispersion compensating 
fiber x 2 there is present a first residual dispersion 
Dresti that corresponds at the output E of the first 
dispersion compensation unit DCFi to the absolute- 
magnitude dispersion AD. 

Owing to the following second optical fiber SSMF 2 , the 
fiber dispersion d increases from the first residual 
dispersion D res ti up to a second maximum absolute- 
magnitude dispersion D max2 that is present at the end of 
the second dispersion compensating fiber x 3 . The second 
maximum absolute-magnitude dispersion D ma x2 is 
compensated with the aid of the second dispersion 
compensation unit DCF 2 or the second dispersion 
compensating fiber until the second residual dispersion 
D r est2 corresponds to twice the absolute-magnitude 
dispersion AD, that is to say the remaining residual 
dispersion D res t rises uniformly per optical fiber line 
section FDS by the absolute-magnitude dispersion AD in 
each case. Consequently, at the end of the second 
dispersion compensating fiber x 4 a second residual 
dispersion D res t2 is present which corresponds at the 
output E of the second dispersion compensation unit or 
the second dispersion compensating fiber DCF 2 to twice 
the absolute-magnitude dispersion AD. 
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The optical data signal OS transferred by the second 
dispersion compensating fiber DCF 2 to the third optical 
fiber SSMF 3 in turn experiences in the third optical 
fiber SSMF 3 
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signal distortions caused by the fiber dispersion d 
which assume a third maximum absolute-magnitude 
dispersion D max3 at the end of the third optical fiber 
x 5 . The third absolute-magnitude dispersion D maX 3 is 
undercompensated by the third optical dispersion 
compensation unit DCF 3 in such a way that the remaining 
third residual dispersion D res t3 corresponds to three 
times the absolute-magnitude dispersion AD according to 
the invention, that is to say at the end of the third 
dispersion compensating fiber . x 6 the residual 
dispersion D res t assumes a third residual dispersion 
D r est3, which has increased once more by the absolute- 
magnitude dispersion AD by comparison with the second 
residual dispersion D rest 2. 

Furthermore, the optical data signal OS present at the 
output E of the third dispersion compensating fiber 
DCF 3 is transferred to the fourth and last optical 
fiber SSMF 4 of the optical transmission system OTS. It 
becomes clear with the aid of Figure 2 that the fiber 
dispersion d continues to increase, and has a fourth 
maximum absolute-magnitude dispersion D ma x4 at the end 
of the fourth optical fiber x 7 . With the aid of the 
fourth dispersion compensation unit DCF 4 , the fourth 
maximum absolute-magnitude dispersion D max4 is reduced 
to the absolute magnitude of the accumulated residual 
dispersion D akk , which corresponds to four times the 
absolute-magnitude dispersion AD according to the 
invention. The remaining residual dispersion D rest of 
the optical transmission system OTS thereby has the 
absolute magnitude of the accumulated residual 
dispersion D ak]c at the end of the optical transmission 
link or at the end of the fourth fiber line section x 8 . 

The transmission range x 8 that can be bridged without 
regeneration is virtually doubled by the uniform 
"splitting up" according to the invention of the 
accumulated residual dispersion D akk calculated or 
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estimated for the respective optical transmission 
system OTS into a fixed number of fiber line sections 
FDS. Here, the fiber line sections FDS of the optical 
transmission system are undercompensated as a function 
of the length of the respective optical fiber SSMF as 
far in each case as a residual dispersion D res t fixed by 
the accumulated 
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residual dispersion D akk , the residual dispersion D 
rising from fiber line section FDSi to fiber line 
section FDS 2 by the same absolute-magnitude dispersion 
in each case . 

By comparison with a dispersion management scheme DCS 
that fully compensates the respective fiber line 
section FDS of an optical transmission system OTS, the 
dispersion management scheme DCS of the distributed 
undercompensation according to the invention can 
substantially increase the range that can be bridged 
without regeneration, which leads to a saving of cost- 
intensive electric 3R regeneration devices. 

Moreover, it is possible to implement a bidirectional 
data transmission over the fiber line sections FDS 
considered in a simple way on the basis of the 
symmetrical design, to be seen in Figure 2, of the 
optical transmission system OTS. 

In addition, a fiber line section FDS having an optical 
fiber SSMF and a dispersion compensation unit DCF can 
be configured as an optical transmission module M. 
Consequently, the optical transmission system OTS can 
be formed by a series circuit of such optical 
transmission modules M. Such a modular design 
substantially facilitates in practice the 

implementation of an optical transmission link or the 
extension of an existing optical transmission link. 

Furthermore, the use of the distributed 

undercompensation according to the invention is 
particularly advantageous in the case of optical 
transmission systems that, because of the data 
transmission with the aid of a plurality of 
transmission channels, have a strong cross-phase 
modulation (XPM) as regards the effect limiting the 
transmission 
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ranges that can be bridged without regeneration, 
strong cross-phase modulation (XPM) 
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can be suppressed by means of the provision according 
to the invention of a slight, local residual dispersion 
D rest at the end of a fiber line section FDS . 
Consequently, not only is the self-phase modulation 
(SPM) suppressed by the distributed undercompensation 
according to the invention, but the influence of the 
cross-phase modulation (XPM) is substantially reduced 
virtually simultaneously. 

The number of the compensated fiber line sections nfs 
that can be bridged without regeneration is illustrated 
in a further diagram in Figure 3 as a function of the 
distributed under- or overcompensation UOC for 
different input powers P4dBm, P6dBm, P9dBm / P12dBm, 
PlSdBm of the optical data signal OS. 

The further diagram has a horizontal axis (abscissa) 
and a vertical axis (ordinate) uoc, nfs, the horizontal 
axis illustrating the "under- or overcompensation" 
scheme, provided for the dispersion compensation, of 
the optical transmission system OTS, and the vertical 
axis nfs illustrating the number of the compensated 
fiber line sections FTS of the optical transmission 
system OTS. It may also be seen that the uniform 
undercompensation according to the invention of the 
plurality of fiber line sections FDS permits an 
increase in the transmission range that can be bridged 
without regeneration. The transmission range that can 
be bridged without regeneration is illustrated in the 
further diagram by the number of the compensated fiber 
line sections FDS of the optical transmission system 
OTS. 

For this purpose, a first to fifth optical data signal 
OS1 to OSS is fed to an optical test transmission 
system OTS that has a different input power P in each 
case. Here, the first optical data signal 0S1 has an 
input power of 4dBm, the second optical data signal 0S2 
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an input power of 6dBm, the third optical data signal 
0S3 an input power of 9dBm, the fourth op- 
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tical data signal 0S4 an input power of 12dBm, and the 
fifth optical data signal 0S5 an input power of 15dBm. 

The increase in the transmission range that can be 
bridged without regeneration is particularly clear on 
the profile of the curve for the first optical data 
signal 0S1, since the first optical data signal 0S1 can 
be transmitted without regeneration over virtually 120 
fiber line sections FDS in the case of an 
undercompensation of approximately 0.5 km of a standard 
monomode fiber (SSMF) . In this case, the respective 
fiber line section FDS is respectively compensated by 
the dispersion compensating fiber DCF to such an extent 
that a residual dispersion D res t is present that 
corresponds to an uncompensated optical fiber length of 
half a kilometer (0.5 km). 
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Patent claims 

1. An optical transmission system (OTS) comprising a 
fixed number (N) of optical fiber line sections 
(FDSi to FDS 4 ) of virtually the same length with in 
each case an optical fiber (SSMFi to SSMF 4 ) and a 
dispersion compensation unit (DCFi to DCF 4 ) , 
characterized in that the dispersion compensation 
units (DCFi to DCF 4 ) have virtually the same 
compensation values, which are determined starting 
from a calculated or estimated accumulated 
residual dispersion (D akk ) for an at least 
virtually uniformly distributed undercompensation 
of the fiber dispersion (d) of the fixed number 
(N) of optical fiber line sections (FDSi to FDS 4 ) . 

2. The optical transmission system as claimed in 
claim 1, characterized in that the dispersion 
compensation units (DCFi to DCF 4 ) are provided for 
compensating the fiber dispersion (d) of all the 
optical fiber line sections (FDSi to FDS 4 ) . 

3. The optical transmission system as claimed in one 
of claims 1 or 2, characterized in that a fiber 
line section (FDSi) having an optical fiber (SSMFi) 
and a dispersion compensation unit (DCFi) 
implements an optical transmission module (M) . 

4. The optical transmission system as claimed in 
claim 3, characterized in that the optical 
transmission system (OTS) can be formed from a 
plurality of optical transmission modules (M) 
arranged in series. 
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5. The optical transmission system as claimed in one 
of claims 1 to 4, characterized in that the 
optical fibers (SSMF) of the fiber link sections 
(FDS) have a minimum length of 20 kilometers. 

6. The optical transmission system as claimed in one 
of claims 1 to 5, characterized in that a bidirectional 
data transmission can be implemented via the fiber line 
sections (FDS X to FDS 4 ) . 
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Abstract 

Optical transmission system 

5 

The invention relates to an optical transmission system 
(OTS) comprising a plurality of optical fiber line 
sections (FDS) with in each case an optical fiber 
(SSMF) and a dispersion compensation unit (DCF) , in the 

10 case of which dispersion compensation units (DCF) are 
provided that compensate the fiber dispersion (d) of a 
plurality of fiber line sections (FDSi to FDS 4 ) in such 
a way that the remaining residual dispersion (D rest ) per 
compensated fiber line section (FDSi to FDS4) rises at 

15 least virtually uniformly by the same absolute- 
magnitude dispersion (AD) in each case. 



Figure 2 
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Declaration and Power of Attorney For Patent Application 
Erklarung Fur Patentanmeldungen Mit Vollmacht 

w German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehorigkeit den im Nachstehenden nach 
meinem Namen aufgefQhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 

Qptisches Ubertraaunqssvstem mit 
Jispersionskompensationseinheiten 

deren Beschreibung 

(zutreffendes ankreuzen) 

Z] hier beigefdgt ist 

|3 am 19.09.2000 als 

PCT Internationale Anmeldung 

PCT Anmeldungsnummer PCI/DE00/03256 

eingereicht wurde und am 

abgeandert wurde (falls tatsachlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 
an. 



Ich beanspruche hiermit auslandische Prioritatsvorteiie 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Prioritat beansprucht wird. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Optical transmission system with 
dispersion compensation units 

the specification of which 

(check one) 

□ is attached hereto. 

was filed on 19.09.2000 as 
PCT international application 
PCT Application No. PCT/DE00/03256 

and was amended on 

(if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1 -56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 
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Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



Prior foreign appplications 
Prioritat beansprucht 



9945143.5 DE 

(Number) (Country) 



German Language Declaration 



21.09.1999 
(Day Month Year Filed) 



Priority Claimed 



H □ 

Yes No 



□□□□□□on □□□□□□□□□□□□□□□□□□□□□□□□□□ □□□□□□□□□□□□□□ □□□□□□ □□□□□□□□□ 



(Number) 
(Nummer) 



(Number) 
Nummer) 



(Country) 
(Land) 



(Country) 
(Land) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



□ 

Yes 
Ja 



□ 

Yes 

Ja 



□ 

No 
Nein 



□ 
No 
Nein 



Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmeldung iaut dem ersten 
Paragraphen des Absatzes 35 der ZivilprozeBordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 



I hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 



PCT/DE00/03256 
(Application Serial No.) 
(Anmeldeseriennummer) 



(Application Serial No.) 
(Anmeldeseriennummer) 



19.09.2000 
(Filing Date D, M, Y) 
(Anmeldedatum T, M, J) 



(Filing Date D.M.Y) 
(Anmeldedatum T, M; J) 



anhangig 

(Status) 

(patentiert, anhangig, 
aufgegeben) 



(Status) 

(patentiert, anhangig, 
aufgeben) 



pending 

(Status) 

(patented, pending, 
abandoned) 



(Status) 

(patented, pending, 
abandoned) 



Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my 
own knowledge are true and that ail statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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German Language Declaration 



VERTR ETU NGS VOLLMAC HT: Als benannter Erflnder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwicklung aller damit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name und 
Registratlonsnummer anfuhren) 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith. (list name and registration 
number) 



Customer No. 26574 



And I hereby appoint 



Telefongesprache bitte richten an: 
(Name und Teiefonnummer) 



Direct Telephone Calls to: (name and telephone 
number) 



Ext. 



Postanschrift: 



Send Correspondence to; 

Schiff, Hardin &Waite 
6600 Sears Tower 60606-6473 Chicago, Illinois 
Telephone: (001) 312 258 5780 and Facsimile (001) 312 258 5921 

or 

Customer No. 26574 




^eH^r^rrjfe des einzigen oder ursprunglichen Erfinders: 

Dr. ANDREAS FAERBERT 


Full name of sole or first inventor: 

Dr. ANDREAS FAERBERT 


UnterschEjJKdes Erfindcyar^ - — ► Datum 


Inventor's signature Date 


Wohnsitz 

MUENCHEN, DEUTSCHLAND C HfE^ 


Residence 

MUENCHEN, GERMANY 


i!>taatsangehorigkeit r~*~y ^ 

DE 


Citizenship 

DE 


Postanschrift 

Damaschkestr. 64 b 


Post Office Addess 

Damaschkestr. 64 b 


81825 MUENCHEN 


81825 MUENCHEN 


Voller Name des zweiten Miterfinders (falls zutreffend): 

Dr. CHRISTIAN SCHEERER 


Full name of second joint inventor, if any: 

Dr. CHRISTIAN SCHEERER 


UnterscfirifLdes Erfinders — — - Datum 


Second Inventor's signature Date ! 


Wohnsitz 

Ottawa, Ontario K1S 2S4, KAN ADA A A,V 


Residence 

Ottawa, Ontario K1S 2S4, CANADA 


Stastsahgefierigkeit i f\ 

DE 


Citizenship 

DE 


Postanschrift 

46 Ella Street 


Post Office Address 

46 Ella Street 


CDN- Ottawa, Ontario K1S 2S4 
KANADA 


CDN- Ottawa, Ontario K1S 2S4 
CANADA 




(Bitte entsprechende Informationen und Unterschriften im 
Fafle von dritten und weiteren Miterfmdern angeben). 



(Supply similar information and signature for third and 
subsequent joint inventors). 
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